Phaseolus plant introduction (PI) genotypes (consisting of 684 P. vulgaris, 26 P. acutifolius, 39 P. lunatus, and 5 P. coccineus accessions) were evaluated for their ability to form effective symbioses with strains of six slow-growing (Bradyrhizobium) and four fast-growing (Rhizobium fredit) soybean rhizobia. Of the 684 P. vulgaris genotypes examined, three PIs were found to form effective nitrogen-fixing symbioses with the R. fredii strains. While none of the Bradyrhizobium strains nodulated any of the genotypes tested, some produced large numbers of undifferentiated root proliferations (hypertrophies). A symbiotic plasmid-cured R. fredii strain failed to nodulate the P. vulgaris PIs and cultivars, suggesting that P. vulgaris host range genes are Sym plasmid borne in the fast-growing soybean rhizobia.
Members of the genera Rhizobium and Bradyrhizobium are nitrogen-fixing soil bacteria which have the ability to form root nodule symbioses with leguminous plants. The genus Rhizobiiim contains the four fast-growing species R.
fredii, R. leguminosarlim (consisting of three biovars: R. leguminosarum bv. trifolii, R. leguminosarum bv. phaseoli, and R. leguminosarum bv. viceae), R. loti, and R. meliloti, while the genus Bradyrhizobium contains the single slowgrowing species B. japoniclum and other slow-growing root nodule bacteria yet to be assigned species status (11) . The current classification scheme bases species designation mostly on the ability of a specific bacterium to nodulate a given legume host and divides the rhizobia into several plant infection or cross-inoculation groups (11, 21) . Although this scheme does have certain practical applications, there are some major problems associated with these divisions (21) . While some rhizobial strains can be defined by their ability to nodulate a relatively small number of host plants, others can promiscuously nodulate many different legumes.
The rhizobia that nodulate Phaseolus spp. have been divided into two distinct groups (1, 2, 6) . Phaseolus vulgaris (common bean) and P. coccineus (scarlet runner bean) are nodulated by fast-growing R. leguminosarum bv. phaseoli isolates, while P. lunatus and P. acutifolius (tepary bean) are nodulated by slow-growing Bradyrhizobium spp. isolates. Although P. coccineus is relatively specific in its rhizobial requirements, P. vulgaris has been reported to be rather promiscuous (5) (6) (7) the R. leguminosarum bv. phaseoli strain mixture described above. At 10 days after planting, plants were thinned to one per hill and grown as described above. Thirty days after inoculation nodules from each plant were removed, dried, and weighed. The plant tops above the cotyledonary node were excised and dried for subsequent total N concentration analysis of duplicate samples by using a nitrogen analyzer (Erba) (3) .
Involvement of the R. fredii Sym plasmid in P. vulgaris nodulation. Since the R. fredii strains effectively nodulated some of the P. vulgaris genotypes in vermiculite, it was of interest to determine whether these rhizobia were also capable of nodulating P. vulgaris in soil. We also investigated the possibility that the genetic determinants for Phaseolus nodulation were located on the large symbiotic (Sym) Results of the secondary screening (Table 1) indicated that of the five PIs that were identified in the initial experiment, three were abundantly nodulated by the R. fredii strains. When inoculated with the R. fredii strains, the nodule dry weights of the three PIs (209483, 209484 , and 209491) were significantly greater than those produced on the three commercial P. vulgaris cultivars (Table 1 ). In the secondary screening, two of the PIs (219701 and 181786) had nodule masses that were not significantly different from those of the commercial P. vulgaris genotypes, and consequently, they were not used in subsequent studies. Generally, the R. fredii isolates (with the exception of strain HH103) produced about as much nodule mass on the three PIs as they did on their preferred host, G. max cv. Peking. All of the R. fredii strains produced effective symbioses with the P. vulgaris PIs, as determined by using the acetylene reduction assay and by plant top color (data not shown). The commercial P. vulgaris cv. Great Northern, Kentucky Wonder, and C-20 nodulated poorly or not at all when inoculated with the R. fredii strains. In addition, none of the plants formed nodules when inoculated with the Bradyrhizobium strains. These results suggest that the R. fredii strains did not merely outcompete the slow-growers for nodulation in the initial screening experiment. The individual inoculations also indicated that the root hypertrophies seen in the primary screening were produced by the B. japonicum strains (data not shown).
There were significant genotype X strain interactions between the R. fredii strains and the PIs for nodule number, nodule weight, and aboveground nitrogen accumulation ( [15] and two DNA homology groups [9] ), failed to show such a symbiotic relationship. One possible explanation for these contradictory results is that many of the genotypes used in previous studies have since been reclassified as belonging to the plant genera Vigna and Macroptilium (1), and both of these hosts have been shown to form symbioses with a large number of rhizobial species and strains (7, 20) .
